absent in the nonterritorial permanent social or ''cooper-offspring occur in either habitat, but along the forest edge, the colonies may grow to contain tens of thousands ative'' spiders, one of which, the Neotropical Anelosimus eximius Simon (Araneae: Theridiidae), is the subject of of spiders, while, in the forest understory, they grow to contain at the most a few thousand individuals (Avilés this study.
The ''cooperative, '' or nonterritorial permanent-social 1992; Venticinque et al. 1993) . Our study was conducted in the forest understory, and, therefore, its quantitative spiders (D'Andrea 1987; Avilés 1997) , build communal nests in which colony members of succeeding genera-predictions apply to this habitat only.
The colonies of A. eximius may last for less than one tions cooperate in prey capture, feeding, and brood care. The 17 species known to exhibit this type of behavior oc-to several generations, with parents overlapping with their offspring for part of their life cycle but usually dycur in tropical and subtropical areas of the world and belong to nine genera in six spider families (Avilés 1997) . ing before their offspring reach reproductive maturity (Avilés 1986) . Successive generations continue to occupy The colonies of these species may contain from one to thousands of individuals who are relatively short lived and enlarge the native nest until the colonies either proliferate or become extinct. Colony proliferation only (6-12 mo) and tend to spend their entire lives within their natal nest. Because matings apparently take place takes place at relatively large colony sizes and typically involves gravid females that, either individually or in among nest mates generation after generation, the colonies of these spiders are also self-sustaining populations groups, disperse to establish new colonies in the vicinity of the parental colony (Vollrath 1982; Avilés 1992 ; Venthat may grow, proliferate, and become extinct without mixing with one another (for exceptions, see Avilés ticinque et al. 1993) . Colony extinction has been found to be relatively frequent (Vollrath 1982; Avilés 1992; 1997) . Parental and offspring generations tend to be relatively discrete so that the number of mature individuals Venticinque et al. 1993) , in one study estimated to occur at a rate of 21% per generation among forest understory produced per member of the parental generation can be estimated directly. Also, because in spiders females de-colonies (Avilés 1992 ). An even higher rate of colony extinction may be characteristic of forest edge colonies posit their clutch within a sac, average clutch size and average number of clutches per individual can be estimated (Venticinque et al. 1993) . Colony sex ratios are of the order of 10 females per male, a bias that has been conwith relative ease. Finally, because colony members are typically all able to reproduce (e.g., Darchen and De-firmed to result from an overproduction of female embryos (Avilés and Maddison 1991) . lange-Darchen 1986; Lubin 1995), individual spiders could, at least in theory, leave their colony any time to breed on their own. Whether they do so or not at differEstablishment of Artificial Colonies and ent colony sizes, therefore, may reflect the balance beExperimental Design tween the costs and benefits of group living.
Here we present evidence that the average LRS in A. We investigated the effect of colony size on the average female lifetime reproductive success, probability of feeximius increases with colony size from small to intermediate-sized colonies and that the overall fitness function male reproduction, offspring survival, and colony survival on a set of 34 colonies ranging in size from one to is primarily the result of an increased probability of offspring survival and a decreased probability of female re-165 individuals (table 1) . Twenty-one of these colonies were artificially established for purposes of this study (see production as the size of the colonies increase. Additionally, since the colonies of A. eximius are not only social below); the remaining 13 colonies occurred naturally in nearby areas of the forest. The 13 natural colonies were groups but also relatively closed and self-sustaining populations, this study illustrates the effects of density de-included in the study to ensure representation of very small colonies that could not be established artificially. pendence in the growth of populations.
Natural and artificially established colonies were indistinguishable from each other once artificial foundation had Material and Methods been accomplished. Because we could not estimate clutch Study Organisms size without destroying egg sacs, we investigated this additional fitness component in the artificially established Anelosimus eximius occurs in lowland tropical rain forests from Panama to southern Brazil (Levi 1963) . Our study and in natural colonies in generations subsequent to the one used for the above mentioned estimates (F1 or F2, area (0°2′S 76°20′W, 200-300 m elevation) was located in the Cuyabeno Nature Reserve in eastern Ecuador. table 1).
The 21 artificially established colonies used in the Here the colonies of A. eximius occur either along the forest edge (along roads and rivers) or in the forest un-study were part of an initial set of 27 colonies in four size classes that were created in December 1993 using spiders derstory. Colonies containing a single female plus her sacs, adult (instar 6 for males, instar 7 for females) and
subadult (instar 5 for males, instars 5 and 6 for females)
individuals, and approximate number of juveniles (in-
1-150 stars 1-4). These instars had been characterized in a pre- vious study and are easily distinguishable by eye in the field (Avilés 1986 F2 generations. During our final visit to the field, we calibrated our erfrom four large colonies collected along the banks of the ror in scoring nest inhabitants by dissecting in the laboCuyabeno river. By allocating to each colony and treat-ratory nests that had previously been censused in the ment a similar proportion of spiders from each source field. We detected a tendency to increasingly underesticolony, we created colonies containing 80 (10 colonies), mate nest contents as the size of the colonies increased 160 (eight colonies), 320 (six colonies), and 640 (three (Tufiño 1997) . This tendency, however, was extremely colonies) subadult and adult females plus males in a ratio predictable (R 2 ϭ 0.97). We, thus, have used the equaof one male per 10 females. We created a larger number tion of the regression of field counts on actual nest conof colonies of the smaller size classes because we expected tents (Y ϭ 1.134X ϩ 0.002X 2 ) to correct for this bias. lower survival rates of smaller colonies and a less unbalanced design toward the end of the experiment. We comData Analysis bined in the artificial colonies spiders from all source colonies in order to control for source effects. Spiders from We defined lifetime reproductive success (LRS) in A. exdifferent colonies can be combined readily as no nest-imius colonies as the number of subadult/adult females specific recognition mechanisms are present in this spe-produced per subadult/adult female in the maternal gencies (Tapia and De Vries 1980 ; L. Avilés, unpublished ob-eration. We considered three potential components of feservations).
male LRS: the probability of reproducing in the colonies, The artificial colonies were established throughout an mean clutch size, and the probability of offspring survival area of 130 m ϫ 50 m on bushes of similar characteris-to maturity. These three components should determine tics and located at a minimum distance of 5 m from each LRS according to the equation other. Treatments were allocated to the preselected sites
(1) in a completely random design. Six of the initial 27 colonies could not be used in the study because, during foun-ϫ p(offspringsurv |x) , dation, they moved to an inaccessible location (five colonies) or were attacked by ants (one colony). The where x, colony size, is defined as the number of subadult/adult females in the parental generation. Our remaining 21 colonies became established successfully, goal in this study was to determine the functional form gated whether there was an interaction between colony size and the proportion of parasitized egg sacs. We anaof the LRS and of each of the factors on the right-hand side of the equation. We have done this as follows.
lyzed the F1 and F2 generations separately because of a significant difference in the level of egg sac parasitism in We estimated the probability of female reproduction (factor 1, right-hand side of eq. [1]) as the average num-these two generations.
The proportion of offspring that survived to maturity ber of egg sacs laid per female in a colony (total egg sac production of the parental generation divided by the (factor 3, right-hand side of eq. [1]) was estimated indirectly by dividing the total number of adult/subadult fenumber of adult/subadult females in the parental generation). This measure of reproduction counts each egg-lay-males in the F1 generation by the total number of eggs estimated to have been produced by the parental generaing event as one reproductive event and, thus, estimates the probability of laying one sac. We estimated the total tion. Since we did not have direct counts of eggs but only counts of sacs produced by the parental generation, we egg sac production of a generation from the periodic counts of egg sacs, assuming that each sac remained in a used colony size to predict expected number of eggs per sac for colonies of different sizes. For this purpose, we colony for 4 wk, the average period of development of the eggs (Avilés 1986 ). This method assumes that no sacs used two extreme cases of the previously established relationship between colony size and clutch size: a relatively were removed by predators or discarded by the spiders prior to completing their developmental period. If either flat function, as in the F1 generation when parasitized and unparasitized sacs are considered, and a more or less of these events were common, our method would underestimate the number of sacs produced. In these estimates, steeply increasing function, as in the F2 generation when only unparasitized sacs are considered. We tested for the we included only colonies that survived the entire egglaying period in order to avoid confounding survival with effect of colony size on offspring survival using a nonparametric ANOVA of the data grouped in six size classes fertility effects (table 1) .
Mean clutch size in a colony (factor 2, right-hand side and linear and polynomial regressions on arcsine-transformed proportions. In these analyses, we included all of eq. [1]) was estimated as the average number of eggs per sac in samples of one to 17 sacs collected from natu-colonies where at least one sac was laid (table 1) .
The net per capita rate of growth or average LRS of feral and artificially established colonies in their F1 and F2 generations (table 1) . Because a fraction of the 177 egg males in the nests (left-hand side, eq. [1]) was estimated directly by dividing the total number of offspring that sacs sampled contained parasitoids that had destroyed part of the clutch, we considered the effect of colony size became adult/subadult in a colony by the total number of adult/subadult females in the parental generation. on the average number of eggs per sac in unparasitized sacs only and in parasitized and unparasitized sacs com-Colonies that went extinct before their offspring became adult/subadult were counted as having a growth rate of bined. We excluded from these analyses three unparasitized egg sacs from the F1 generation that contained ab-0. We used nonparametric ANOVA of the data grouped in six size classes to investigate the effect of colony size normally few eggs and a colony with close to 500 individuals that appeared as an outlier. We analyzed sep-on LRS. All 34 natural and artificially established colonies were included in these analyses (table 1) . The six size arately the data for the two generations because the slopes of the regressions of mean eggs per sac on colony classes, which are the same as those used in the offspring survival analyses, were determined a priori using natural size were not homogeneous across generations, whether all sacs (F ϭ 9.6, df ϭ 1, 28, P ϭ .004) or only unpara-breaks in the distribution of colony sizes while trying to make the size classes equivalent in range and number of sitized sacs (F ϭ 7.4, df ϭ 1, 27, P ϭ .01) were considered (P values are for the interaction between colony size colonies they contained.
We investigated the shape of the functions relating coland generation in a weighted least squares ANCOVA). We combined, on the other hand, the data for natural ony size to overall fitness and the different fitness components using both a model-free curve-fitting method and experimental colonies because the slopes for these two data sets were not significantly different from each (distance weighted least squares, DWLS; see SYSTAT 1992, p. 260, for further details) and least squares regresother (F ϭ 0.24, df ϭ 1, 28, P ϭ .63 when all sacs are considered; F ϭ 0.63, df ϭ 1, 27, P ϭ .44 when only un-sions with alternative linear, polynomial, and nonlinear models. The nonlinear models were derived from first parasitized sacs are considered). Regressions were weighted by the number of sacs used to estimate mean principles with elements taken from standard population growth models to provide functions that would be bioclutch sizes because we considered that estimates based on a larger number of sacs were more precise (sample logically more realistic than linear or quadratic models that increase with no bound or become negative for sizes reflected the number of sacs available in the colonies). Using contingency table analysis, we also investi-some ranges of the independent variable. To discriminate between alternative models, we used the generalized like-the colonies that did not naturally go extinct during the study period. Trend rank tests were used to investigate lihood ratio test (Borowiak 1989, p. 69) for nested nonlinear models or compared R 2 and residual mean square whether different colony sizes had the same hazard (and, equivalently, survival) functions. For purposes of these values for nonnested models (Bates and Watts 1988, p. 107) . The exact form of the functions, however, is not tests, we grouped the colonies according to their size at foundation or first sighting. critical, as long as they provide a reasonable fit to the data. Predicted values from the parameterized models were replaced in the right-hand side of equation (1) to Results obtain a predicted overall fitness function with which to Effects of Colony Size on the Probability of compare the directly estimated LRS (see above). In all Female Reproduction cases, ''colony size'' corresponds to the number of subadult and adult females present in the colonies at the The average number of egg sacs laid per female consistently decreased with colony size (F ϭ 66.6, df ϭ 1, 25, start of the parental generation (2 wk after foundation in the case of the artificially established colonies) or at the P Ͻ .00001; fig. 1 ). While nine out of 10 solitary females laid an egg sac each, the average female in colonies of time the egg sacs were collected.
A secondary goal of this study was to investigate the about 100 individuals produced only 0.26 sacs. This latter result implies that, at the most, one out of four females effect of colony size on the probability of a colony surviving to the next generation and on the average life span in these larger colonies reproduced-less if any female had laid more than one sac. Linear and nonlinear models of the colonies. A colony was considered to have survived until the next generation when at least one member of were fit to these data, with the nonlinear model explaining a higher proportion of the variance ( fig. 1 ). the F1 generation became adult, a process that required at least 24 wk. Colony life spans were estimated from the extinction date records (to 3-wk precision) of marked Effects of Colony Size on Clutch Size colonies that remained stationary in their prerecorded locality. We used logistic regression to assess the effect of If we consider unparasitized sacs only, we found that the mean number of eggs per sac among colonies sampled in colony size on the probability of a colony surviving to the next generation and nonparametric actuarial analyses both generations significantly increased with colony size (F ϭ 6.70, df ϭ 1, 12, P ϭ .02 for the F1; F ϭ 11.33, (StatView; Abacus Concepts 1994) to estimate cumulative hazard and survival functions of the artificially estab-df ϭ 1, 17, P ϭ .004 for the F2). As noted in the ''Material and Methods'' section, however, the slopes of the relished and natural colonies. We treated as right censored gressions were not homogeneous across generations as the sacs were parasitized in the F2 generation, 42.5% of the sacs were parasitized in the F1. After controlling for the F2 had a steeper slope ( fig. 2 ; note the different scales of the X-axis). If we include parasitized sacs in these colony size, this difference was significant at the P ϭ .002 level (Mantel-Haenszel χ 2 ϭ 9.9 for the data grouped in analyses ( fig. 2, dashed lines) , colony size no longer had a significant effect in the F1 generation (F ϭ 0.59, df ϭ 1, seven colony size classes). In both generations, there was an abrupt switch from no parasitized egg sacs among 13, P ϭ .46). This loss of significance apparently was a result of a high incidence of egg sac parasitoids in this small colonies (Ͻ140 individuals in the F1 and Ͻ60 in F2) to some level of infestation among larger colonies, algeneration (see below). With a low incidence of egg sac parasitoids, colony size continued to have a significant though not all large colonies were infested ( fig. 3) . The association between colony size and the proportion of effect in the F2 generation even when both parasitized and unparasitized sacs were included in the analysis (F ϭ parasitized sacs, however, was only significant in the F1-or more heavily parasitized-generation (likelihood 8.17, df ϭ 1, 17, P ϭ .01).
ratio χ 2 ϭ 15.6, df ϭ 6, P ϭ .02).
Egg Sac Parasites, Clutch Size, and Colony Size Effect of Colony Size on Offspring Survival
Forty-five out of the 177 sacs sampled were parasitized, containing from one to 12 (median ϭ 6) larvae or pupae The proportion of offspring that survived to maturity increased with colony size, whether we assumed that the of a parasitoid wasp in the family Eulophidae. Infested egg sacs contained significantly fewer eggs as the wasps average number of eggs per sac was independent of colony size, as in the F1 generation when both parasitized had apparently destroyed part of the clutch, while unparasitized sacs contained an average of 38.4 Ϯ 1.74 eggs and unparasitized sacs were included (F ϭ 14.2, df ϭ 1, 28, P Ͻ .0001; fig. 4 ) or whether we assumed an increas-(mean Ϯ 95% confidence interval; CI), parasitized sacs contained only 26.9 Ϯ 3.45 eggs (t ϭ 6.23, df ϭ 175, P ing function of colony size, as in the F2 generation when only unparasitized sacs were included (F ϭ 12.6, df ϭ 1, Ͻ .0001). Further, among parasitized egg sacs, there was a significant trend toward fewer eggs per sac as the num-28, P ϭ .001). While about 4% of the offspring survived in colonies containing less than 10 individuals, 18%-ber of parasites in the sacs increased (F ϭ 6.09, df ϭ 1, 43, P ϭ .02). A high incidence of egg sac parasitism, 24% of the offspring survived in colonies of 51-107 individuals (table 2) . The effect was most pronounced among combined with a higher probability of infestation of larger colonies, probably explains why colony size no the smallest size classes, and it leveled off or even declined among the largest size classes ( fig. 4 ), as suggested longer had a significant effect on clutch size in the F1 generation when parasitized and unparasitized sacs were by the shape of the DWLS curve and a significant second order term in a quadratic regression (t ϭ Ϫ3.10, P ϭ included in the analysis ( fig. 2A) . While only 13.5% of .005, under either assumption, N ϭ 30 colonies). We colonies). Only one out of 10 colonies founded by a single female survived the minimum of 24 wk required for have fit to these data a unimodal fitness function, which, unlike the quadratic, is positive for all values of N Ͼ 0 at least some offspring to become adult, while all colonies containing close to 100 individuals survived for at least ( fig. 4B ).
that long ( fig. 5 ). Through time, this effect resulted in a lower cumulative risk of extinction and longer survival Effects of Colony Size on Colony Survival times of larger colonies among both natural and experimental colonies. Among natural colonies, the mean life The probability that a colony as a whole survived until the next generation increased significantly as the number span from first sighting of colonies with a single adult female was 3.7 Ϯ 1.1 wk (X ϩ SE, N ϭ 11), while that of of subadult/adult females in the parental generation increased (logistic regression χ 2 ϭ 22.5, P Ͻ .0001, N ϭ 34 colonies of two to four individuals was 21.3 Ϯ 4.7 wk factor is significantly better than the model without this factor using the generalized likelihood ratio test, χ 2 ϭ 7.1, P ϭ .01). Note: Mean proportions are averages among colonies within each size class; SEs were estimated by bootstrapping the data within the size classes 10,000 times.
* Estimates are based on the assumption that the number of eggs per sac produced by the parental generation were a relatively flat function, as in the F1 generation when parasitized and unparasitized sacs were included. Kruskal-Wallis test statistic ϭ 13.6, df ϭ 5, P ϭ .02.
† Estimates are based on the assumption that the number of eggs per sac produced by the parental generation were an increasing function of colony size, as in the F2 generation when only unparasitized sacs were included. Kruskal-Wallis test statistic ϭ 13.0, df ϭ 5, P ϭ .02.
(N ϭ 5) and that of colonies of Ͼ4 to over 100 individu-
Effect of Colony Size on Female Lifetime
Reproductive Success als was 45.0 Ϯ 4.9 wk (N ϭ 14). These differences were statistically significant at the P Ͻ .0001 level (Mantel-Cox There was a significant difference in the mean reproductrend rank test χ 2 ϭ 20.4, df ϭ 1). Among the artificially tive success of females in the six colony size classes established colonies, colonies that initially contained 50-(Kruskal-Wallis test statistic ϭ 14.5, df ϭ 5, P ϭ .01). 165 individuals (N ϭ 17) survived longer than colonies with While solitary females (N ϭ 10) and female pairs (N ϭ less than 50 individuals (N ϭ 10, χ 2 ϭ 5.2, df ϭ 1, P ϭ .02). 1) produced on average 0.82 Ϯ 0.77 adult/subadult offspring per capita (X Ϯ bootstrap SE), females in colonies of 51-75 individuals produced 2.55 Ϯ 0.83 offspring per capita, the largest average growth among the colony size classes (table 3) . Females in the largest size class (144-165 individuals), however, had a lower LRS than females in intermediate-sized colonies (23-107 individuals), suggesting a reversal of the effect of colony size on individual fitness beyond a certain colony size. Such a reversal is also suggested by a significant second-order term in a quadratic regression (t ϭ Ϫ2.40, P ϭ .02 using square root-transformed values) and a unimodal DWLS curve ( fig. 6 ). With only two colonies in the largest size class, however, this result should be considered tentative. Additional studies that include colonies larger than considered here would be necessary to confirm this reversal and to determine its location, shape, and magnitude. For heuristic purposes, we have used the raw LRS data to fit a func- (Avilés, in press) . A unimodal fitness function results each size class used in the estimates. when the positive density-dependent factor is larger than per capita in colonies of about 60 individuals (table 3 and fig. 6 ). Beyond this maximum, this trend apparently 1 (or γ Ͼ 0) ( fig. 6) .
reversed, although, due to the paucity of data in the large colony-size range, this result should be considered tentaDiscussion tive. Assuming that this result is confirmed, we predict by Consequences of Colony Size on Individual extrapolation (using the function shown in fig. 6 ) that Fitness and Its Components the average female LRS would reach levels equivalent to that of solitary individuals in colonies containing beThe results of this study indicate that group living increases the average LRS in the social spider Anelosimus tween 300 and 400 spiders This apparently unimodal fitness function was a coneximius. At a tropical rain forest site in eastern Ecuador, solitary females and female pairs in forest understory sequence of the conflicting effects of colony size on different components of fitness ( fig. 7) . The primary benefit nests raised an average of 0.8 offspring per capita, while females in larger colonies raised an increasing number of of group living appeared to be an increase in the probability of offspring survival. While, on average, less than offspring, up to a maximum of two and a half offspring (1). Note that the resulting function is of a shape and magnitude comparable to the average LRS function estimated directly, as shown in figure 6B . The offspring survival functions were estimated using two alternative assumptions of the relationship between colony size and average number of eggs per sac: a relatively flat function, as in the F1 generation when parasitized and unparasitized sacs were included in the analyses ( panels in the left column) and an increasing function, as in the F2 generation when only unparasitized sacs were included.
5% of the offspring survived in colonies of less than 10 In addition to its effect on individual fitness, colony size was found to have an effect on the survival probabilindividuals, around 20% of the offspring survived in colonies containing 50-100 individuals. The probability of ity of whole colonies. Only one out of 10 colonies founded by a single female survived until their offspring female reproduction, however, decreased with colony size. Nine out of 10 females that established nests on reached reproductive maturity, while all colonies with more than 100 individuals survived at least one generatheir own laid an egg sac each, while at the most one out of four females in nests of about 100 individuals repro-tion. This result, however, should not be extrapolated to colonies larger than those included in this study as the duced. Clutch size was an increasing function of colony size in a generation in which the incidence of egg sac probability of survival to the next generation may again decrease among extremely large colonies (L. Avilés, perparasitism was low, suggesting that females, although having a smaller chance to reproduce in large colonies, can sonal observations).
An important point to emphasize is that the particular expect to produce a larger brood. This effect, however, was nullified by a large incidence of egg sac parasitoids fitness measures presented here are a result of the interaction between individuals in groups of different sizes among large colonies in the other generation sampled.
According to equation (1), the three fitness compo-and the particular environmental conditions prevailing when and where this study was conducted. Therefore, the nents estimated in this study-probability of female reproduction, mean clutch size, and offspring survival-exact shape and magnitude of the various functions may not be the same had this study been conducted at a difshould be responsible for the shape and magnitude of the overall LRS function. Figure 7 shows that a point-by-ferent time or place. This is illustrated by the different slopes of mean clutch size on colony size in the F1 and point product of the predicted values of these three fitness components for colonies ranging in size from one to F2 generations ( fig. 2) , the different levels of egg sac parasitism in these two generations, the failure of a first set 200 individuals produces a function ( fig. 7 , lower panels) of a shape and magnitude closely resembling the sepa-of artificially established colonies (see next section), and the wider size range of forest edge colonies that suggests rately derived function for the LRS (fig. 6 ). a wider and perhaps taller fitness function in this habitat. offspring survival, for instance, would have led us to the mistaken conclusion that group living decreases individThe functions presented here, therefore, are a sample in time and space of the possible fitness functions of this ual fitness in this social spider. In a frequently cited paper, Michener (1964) noted that the per capita female resocial spider.
Estimates of the effect of colony size on only certain productivity in several hymenopteran species was a decreasing function of colony size (but, see Itô 1993; aspects of individual fitness are available for other social spiders. The most complete study is that of Uetz and Jeanne and Nordheim 1996) . In that respect, Michener's data closely resembles the data presented here in figure 1. Hieber (1997, and papers cited therein) in the colonial Metepeira incrassata. In this species, which forms nests Michener's studies, however, did not follow the eventual fate of the eggs or larvae on which the estimates were with common supporting lines but individual webs, Uetz and Hieber found that the production of live hatchlings based. It is possible that if offspring survival had been factored in, the LRS of colony members in those hymewas maximum at intermediate colony sizes. In contrast, hatchling production was independent of colony size in a nopteran species would have been found to be highest at some intermediate colony size. different colonial spider studied by Smith (1982) . Among species of a similar level of sociality as A. eximius, several
There is a further component of individual fitness that was not considered in this or Michener's study that may authors have also reported on a lower probability of female reproduction (Seibt and Wickler 1988b ; Henschel further tilt the balance in favor of group living. That is the probability of successful dispersal. The LRS estimates 1991-1992) and increased probability of colony survival (Riechert et al. 1986; Lubin 1991; J. Henschel, personal presented here apply only to individuals that are already established in a nest; no attempt was made to locate discommunication) as the size of the colonies increases. In contrast to the findings reported here, fewer eggs per sac persing individuals. If the risks of dispersal are taken into account, it is likely that the fitness of individuals that were laid in larger colonies in an African social spider (Seibt and Wickler 1988b) . No data are available on the leave their colony to breed on their own may be considerably lower than the fitness of solitary individuals reeffect of colony size on the probability of offspring survival in these other species.
ported here. It is also likely that the probability of successful dispersal may be higher for individuals that Two authors (Vollrath 1986; Rypstra 1993) have interpreted the lack of universal reproduction in A. eximius as disperse as a group, further discouraging a solitary lifestyle. evidence that this species has crossed the threshold toward eusociality, the level used to characterize the social insects with reproductive castes. We disagree with this Environmental Factors Responsible for the interpretation. The implication behind the term eusociaObserved Fitness Patterns lity is that sterility or subfertility has been selected as a socially adaptive trait (Crespi and Choe 1997) . The fact While this study provides information regarding the fitness consequences of group living in this social spider, it that in A. eximius the probability of female reproduction is a decreasing function of colony size suggests that dif-does not, with the exception of the egg sac parasitoids, identify the particular environmental factors responsible ferences in reproductive success are merely a side product of crowding and competition within the growing col-for the observed patterns. Suggested benefits of group living in various social spider species include increased onies. With no other evidence, therefore, no special selective forces need to be invoked to explain a situation efficiency in the capture of large prey (Nentwig 1985; Rypstra 1990; Pasquet and Krafft 1992) , increased protypical of animal populations where individuals are subject to negative density-dependent effects. Labeling the tection from predators (J. Henschel, personal communication) , and reduced per capita investment in silk (Riechsocial spiders as ''eusocial'' only distracts attention from the fundamental differences between these organisms and ert 1985; Tietjen 1986; Jakob 1990). Costs have been suggested to arise because prey availability does not keep the eusocial insects. While the social spider colonies constitute relatively closed intrabreeding populations, the in-pace with the increase in spider numbers as nest size increases (Ward 1986 ) and, in A. eximius, because competisects have formed colonies that are extended family groups whose members disperse to find mates outside tion over large prey may set up a dominant-subordinant dichotomy that may cause the reproductive failure of their nests. We believe that explaining why spiders and insects have given rise to such fundamentally different some females (Rypstra 1993) .
Increased predator protection and improved ability of systems is one of the current challenges in the study of animal sociality.
groups to acquire resources may be responsible for the increased offspring survival probability in larger colonies. Overall, this study serves to illustrate the need to consider all factors likely to affect LRS. A failure to measure Behaviors such as egg sac guarding, prey sharing with the spiderlings, and regurgitation feeding would directly in-evolution (Rodman 1981; Sibly 1983; Giraldeau 1988; Higashi and Yamamura 1993; Rannala and Brown 1994) . fluence the proportion of surviving offspring, in particular because individuals do not discriminate in favor of According to these models, the size that maximizes individual fitness (the ''optimum'' group size) is not stable their own offspring when performing these behaviors (Kullmann 1972; Krafft 1979; Christenson 1984 ; Seibt because outsiders should continue to join groups in which insider fitness has not yet dropped to the level of and Wickler 1988a; Avilés 1993) . As the size of the colonies continues to increase, however, crowding and com-solitary individuals. The paradoxical situation that, when group size finally stabilizes (at the ''stable'' group size), petition may eventually undermine the ability of individuals to care for their offspring and may lead to lower group living is no longer an evolutionarily stable strategy (Rannala and Brown 1994) can be resolved by consideroffspring survival probabilities in colonies larger than those considered in this study.
ing the indirect fitness benefits of allowing relatives to join the groups and the existence of mechanisms to preAn abiotic factor likely to affect the well being of the spiders in tropical rainforest habitats is the amount of vent outsiders from joining (Giraldeau and Caraco 1993; Higashi and Yamamura 1993) . Given these considerprecipitation that larger colonies are apparently better able to withstand (Riechert et al. 1986 ). Heavy rains may ations, the groups are expected to attain a compromise size that is intermediate between the optimum and the have been responsible for the failure of a first set of colonies that we artificially established in August 1993, at the stable group size.
The assumption that individuals are free to leave or to start of a period of heavy precipitation in the area (1,155 mm of rain during the following 3 mo). These colonies join a group at any time, however, makes these models of only limited applicability to social spiders. In social went extinct at a rate per 3-wk period that was correlated with the amount of precipitation in the preceding 3 wk spiders, and other animal societies that have any demographic stability, colony growth tends to occur through (Spearman ρ ϭ 0.93, P ϭ .02; see Tufiño 1997 , for further details). All but one of these colonies were extinct 4 the recruitment of individuals produced within the groups. This demographic nature of the groups may exmo after foundation. In contrast, the second set of artificially established colonies, which were established at the plain the existence of a wide range of colony sizes in these organisms ( fig. 8) . If the groups are founded at a start of the drier season (664 mm of rain in 3 mo), persisted into their F2 generation. The amount of precipita-relatively small size, for instance, it may take several generations before they attain the optimum or the stable tion apparently interacted with colony size to cause the extinction of this first set of colonies, as larger colonies size. Similarly, instantaneous dispersal may not be possible because individuals may need to reach a particular survived longer (Tarone-Ware trend rank test χ 2 ϭ 4.6, P ϭ .03). Because the rain can cause extensive damage to age or stage before they can disperse. In A. eximius, for instance, active dispersal apparently only involves insemithe webs (L. Avilés, personal observation), it would force the spiders to spend extra time and energy in web repair nated adult females (Vollrath 1982; L. Avilés, personal observation). As individuals mature to the dispersal age, activities. Under these circumstances, larger colonies may be able to repair equivalent amounts of damage with less the groups may on occasion become overcrowded, fail to acquire sufficient resources, and crash rather than disper capita expenditure in silk.
perse. Additionally, these models do not take into account the costs of dispersal that should further discourGroup Size Evolution age individuals from leaving their groups. If dispersal costs are taken into account, then the group size that This study opens the question of whether the size distribution of naturally occurring colonies of A. eximius re-triggers dispersal may be even larger than the stable group size. It is clear that models are needed that take flects the consequences of different group sizes on individual fitness. Figure 8 shows that colonies both smaller into account the costs of dispersal and the demographic nature of many animal societies. and larger than the size that maximizes individual fitness are the rule rather than the exception among understory
The question of why single females are still establishing groups on their own when they only have a slim chance colonies of this species. A broad range of colony sizes appears characteristic of other social spiders as well (Avilés of success is more difficult to address. It is likely, however, that there is a large stochastic component to the 1997). Why is this so? Why are the colonies not maintained at a size that maximizes individual fitness? Why success of solitary dispersers and that a small fraction of them may sometimes do really well. In fact, the only colare propagules that contain a single female still being produced?
ony established by a single female that succeeded in reaching the next generation had the largest per capita The existence of colonies larger than the optimum size can be addressed by considering models of group size offspring production of any colony in the study ( fig. 6 ). At the colony level, producing many small propagules of a single chick a year (Heinsohn 1992) . In the naked mole rats, groups of less than a dozen individuals apparmay be a risk-prone strategy that maximizes dispersal distance and the number of sites colonized, while pro-ently do not exist (Brett 1991) . Models for the evolution of group size and cooperation, therefore, should consider ducing a few large propagules may be a risk-averse strategy to ensure propagule survival. As with individual-level that groups smaller than a certain size may not even be a dynamically feasible alternative (Avilés, in press ). life-history strategies (e.g., Stearns 1992), which strategy characterizes particular species may depend on the preWe conclude by arguing that group living and cooperation may have arisen in many instances because individvailing conditions of its typical environment. Again, further study is needed in this area. uals of certain species would be unable to inhabit particular environments without the help of a group. In the case of the social spiders, this is a somewhat different exWhy Are Social Spiders and Other Social planation from the most commonly stated argument that Organisms Social? their social behavior arose to take advantage of the ecological opportunity that large prey items represent (NentFinally, looking at the LRS success of solitary individuals of A. eximius may suggest why this species is social. With wig 1985; Rypstra 1990; Uetz 1992). The latter argument has also been used to explain sociality in vertebrate social an average production of 0.8 offspring per capita (probably less if dispersal risks are considered), solitary individ-carnivores (Macdonald 1983 ). In the case of the spiders, at least, the results of this study suggest that access to uals and populations consisting entirely of solitary individuals would be unable to replace themselves in the larger prey may only be a secondarily derived benefit of group living as a basic survival strategy. environment they inhabit. The colonization of the tropical rain forest by this species or its ancestor, therefore, would have required the evolution of group living and Acknowledgments cooperation. In other social organisms, the situation could be even more extreme. In the Australian coopera-This study formed part of the Licenciatura thesis of P.T.
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